IMAGE F0RMIM6 DEVTCE WITH FXXAfllilG CZJUHZN6 TDNCTXOII 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an image forming 
device such as a laser printer. 
2 - Description of the Related Art 

Laser printers and other image fozioing devices have 
been known that use a non-magnetic, single-component tonex- 
as an image developer. Such an image forming device includes 
a photosensitive drum and various components located around 
the photosensitive drum. The various con^onents include a. 
charge unit, a scanner unit, a developing roller, and a 
transfer roller disposed in this order around the 
photosensitive drum following the rotational direction of 
the photosensitive drum. The photosensitive dmim is rotated 
so that the surface of the photosensitive drum moves to the 
charge unit, where it is uniformly charged, then to the 
scanner unit, where it is exposed by a high speed scanned 
laser beam to form a static-electric latent image on tho 
surface of the photosensitive drum based on image data. 

On the other hand, a thin layer of non-magnetic ^ 
single-component toner is borne on the developing roller. 
When rotation of the photosensitive dnmi brings the toner 
]3orne on the developing roller into confrontation with the 
static-electric latent image formed on the surface of the 



photosensitive drum, the toner is selectively borne on the 
static-electric latent image, thereby developing tlie static- 
dlectric latent image into a visible toner imAge. Then 
further rotation of the photosensitive drum brings the 
visible toner image borne on the surface of the 
photosensitive drum into confrontation with the transfer 
roller- The visible toner image is transferred to a sheet 
passing between the photosensitive drum and -the transfer 
roller. 

After the visible toner image is transferred to the 
sheet, paper dust (particularly filler) , toner (particularly 
external additive) , and the like that remains on the 
photosensitive drum can sometimes cling to the surface of 
the photosensitive drum. This is referred to as ^filming^'' 
Filming can reduce the quality of images and also reduce the 
life of the photosensitive drum. 

Impreaslon development devices are particularly 
susceptible to filming problems. Impression development 
devices are image forming devices that use non-magnetic, 
single-component toner and that develop the static-electric 
latent image by contact between the phatosenslt.ive drum and 
the developing roller. However, because images are developed 
by scraping the toner borne on the developing roller against 
the photosensitive driom, abrasion from the toneir can greatly 
damage the surface of the photosensitive drum and filming is 



particularly likely to occur. 

One known method for removing filming from the 
photosensitive drum is to provide a separate roller made 
from a resilient member for scraping agailnst the 
photosensitive drum to remove filming. However, providing a 
separate roller in this manner increases the size and 
production expense of the image forming device . 

United States Patent No, 5,287,150 describes setting 
the peripheral speed of a photosensitive drum to 50mm/sec 
and the. peripheral speed of the developing roller to 
70mm/sec. Because the developing roller rotates faster than 
the photosensitive drum, the developing roller polishes the 
filming from the surface of the photosensitive drum. 

SUMMARY OF THE INVENTION 

It is conceivable that the peripheral speed of the 
developing roller can be changed during periods other than 
Image forming periods, so that during these periods a 
difference in peripheral speed is generated between the 
developing roller and the photosensitive dirum, and 
consequently the developing roller polishes the surface o£ 
the photosensitive drum. However, in a non-magnetic, single- 
component developing method, the developing roller is driven 
to rotate to form an optimum toner layer during image 
forming periods. If the rotational speed of the developing 
rolier is changed, formation of the toner layer on the 



developing roller will be unstable, that: is, forined with a 
dijCferent thickness than normal. For example, if the 
rotational speed of the developing roller is increased, then 
tbe toner layer will be thinner than normal. Similarly, if 
tbe rotational speed of the developing roller is decreased, 
then the toner layer will be thicker than nortnal. Also, the 
amount of toner that the developing roller supplies to the 
photosensitive drum also changes with the peripheral speed 
of the developing roller. Because the developing mechanism 
is designed assuming that the developing roller will rotate 
at a particular speed, if the rotational speed is changed, 
then the ratio of improperly charged toner will increase. 

Although toner is not uniformly charged when it is 
first supplied to the developing roller, the toner on the 
developing roller is charge to the same polarity by friction 
charging by the thickness regulating blade. If the thickness 
of the toner layer on the developing roller changes, then 
the ratio of improperly charged toner, such as toner that is 
charged to the opposite charge than that required for image 
formation, can increase. This oppositely charged toner can 
undesirably cling to the photosensitive drum and cause poor 
quality image formation - 

It is an objective of the present invention to 
overcome the above-described problems and provide a non- 
magnetic, single-component type image forming device with a 
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simple conf igrura-tion capable of removing filming from the 
photosensitive drum so that good-quality Images can be 
formed. 

To achieve the above-described objectivies, an image 
forming device according to the present invention includes a 
photosensitive drum and a developing roller disposed in 
confrontation and in contact with each other. The 
photosensitive drum is adapted for supporting a static- 
electric latent image on its surface and the developing 
roller is adapted to bear developer. The image forming 
device further Includes a photosensitive drum driver and a 
developing roller driver for driving rota'Cioxi of the 
photosensitive drum and the developing roller, respectively. 
A drive controller is provided that controls the developing 
roller driver to one of stop driving the developing roller 
and maintain the developing roller in a non-rotating 
condition, while controlling the photosensitive driim driver 
to drive the photosensitive drum to rotate. 

With this configuration, the surface of the rotating 
photosensitive drum rubs against the developing roller while 
the developing roller is stopped. This polishes off any 
filming from the surface of the photosensitive drum, without, 
the need to provide a separate cleaning member for cleaning 
the surface of the photosensitive drum. As a result, filming 
can be properly removed and the image forming device can be 



made more compact and les3 expensively. 

Further, because the developing roller is stopped, and 
not merely sped up or slowed down, ho unstable toner layer 
will be formed on the developing roller while the developing 
roller is stopped. An optimum toner layer can always be 
formed on the developing roller, so that good images can be 
foinned using a non-magnetic, single component developing 
method. 

A method according to the present invention is for 
removing film from the surface of a photosensitive drum that 
is in contact with a developing roller. The method includes 
starting rotation of the photosensitive drum while the 
developing roller is maintained in an unmoving condition so 
•that surface of the photosensitive drum rubs against the 
developing roller; and subsequently starting rotation of the 
developing roller. 

A method according to another aspect o£ the present 
Invention includes starting rotation of the photosensitive 
drum and the developing roller substantially simultaneously; 
and subsequently stopping rotation of the developing roller 
to bring the developing roller into an unmoving condition 
while maintaining the photosensitive drum in a rotating 
condition so that surface of the photosensitive drum rubs 
against the developing roller. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The above and otiher objects, features and advantages 
of t:he invention will become more apparent from reading the 
foX lowing description of the embodiment taken in connection 
5 wit-b the accompanying drawings in which: 

Fig. 1 is a cross-sectional view showing essential 
portions of a laser printer according to a first embodiment 
of the present invention; 

Fig. 2 is a cross-sectional view showing a process 
10 unit of the laser printer of Fig. 1, wherein a developing 

O 

p roller and a photosensitive drum are in contact with each 

m 

^ other ; 

W Fig, 3 is a cross- sectional view showing tbe process 

^ unit of Fig. 2, wherein the developing roller and the 
^ 15 photosensitive drum are separated from each other; 
N" Pig. 4 is a block diagram showing electrical 

^ components of a control system of the laser printer of Fig. 

o 

ru i; 

Fig, 5 is a timing chart showing drive timing of 
20 various components of the laser printer according to 
execution , of a drive control program in order to rmove 
filming after an image forming period; 

Pig. 6 is a timing chart showing drive timing of 
various components of the laser printer according to 
25 execution of a drive control program in order to remove 
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filming before an image forming period; 

Fig, 7 is a timing chart showing drive timing of 
vairious con^onents of the laser printer according to 
exe<?u^ion of a drive, control program in order to remove 
f±l2ning after an image forming period and without use of a 
separation solenoid for separating the photosensitive dirxw 
an<i the developing roller from each other; and 

Fig- 8 is cross-sectional view showing a full color 
lase^ printer according to a second embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Next, an image forming d<evice according to a first 
embodiment of the present invention will be described* The 
jjnage forming device of the embodiment is a monochrome laser- 
printer 1, ils shown in Fig, 1, the laser printer 1 includes 
a casing 2 and various components, such as a feeder 4 and an 
Image forming unit 5, housed in the casing 2 . The feeder 4 
Is for supplying sheets 3 to the image forming unit S. The 
Image forming unit 5 forms images on the supplied sheets 3. 

The feeder 4 Includes a sheet-supply tray 6, a sheet— 
pressing plate 1, a sheet-feed roller 8, a sheet-feed pad 9, 
paper-dust removal rollers 10, 11, and registration rollers 
12. The sheet-supply tray 6 is detachably mounted in the 
lower portion in the casing 2. The sheet-pressing plate 7 is 
provided within the sheet-supply tray 6 . The sheet- feed 
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roller 8 and the sheet-feed pad 9 are disposed above one end 
of the sheet-supply tray 6. The paper-dust removal roll rs 
10^ 11 are disposed downstream from the sheet-feed roller 8 
with respect to the direction in which sheets 3 are 
transported. The registration rollers 12 are provided 
downstream from the paper-dust removal rollers 10^ 11 with 
respect to the transport direction of the sheets 3. 

The sheet-pressing plate 7 is adapted for supporting a 
stack of sheets 3, The sheet-pressing plate 7 is supported 
pivotable at the end of the sheet-pressing plate 7 that is 
furthest from the sheet-feed roller 8, so that the end 
nearest the sheet-feed roller 8 can move vertically up and 
down. Although not shown in the drawings, a spring is 
provided beneath the sheet-pressing plate 7 for urging the 
sheet-pressing plate 7 upward, when the amount of sheets 3 
stacked on the sheet-pressing plate 7 is increased, the 
sheet-pressing plate 7 pivots downward against the urging 
force of the spring, with the end furthest from the sheet- 
feed roller 8 serving as a fulcrum. The sheet-feed roller 8 
and the sheet-feed pad 9 are disposed in confrontation with 
each other. A spring 13 disposed to the underside of the 
sheet-feed pad 9 presses the sheet-feed pad 9 toward the 
sheet-feed roller 8. The sheet 3 that is uppermost on the 
stack on the sheet-pressing plate 7 is pressed toward the 
sheet-feed roller 8 by the spring (not shown) under the 



sheet-pressing plate 7. After rotation of tHe sheet-feed 
roller 8 sandwiches a sheet 3 between the shee-t-feed roller 
8 and the sheet-feed pad 9, one sheet is feed out: from the 
sheet- supply tray 6 at a time. The sheet 3 is tiransported to 
the registration rollers 12 after the paper-dust removal 
rollers 10, 11 remove paper dust from the fed sheet 3. The 
registration rollers 12 include a pair of rollers. After the 
registration rollers 12 perform a predetermined registration 
operation on the sheet 3, the sheet 3 is transported to the 
image forming unit 5. 

The feeder 4 further includes a multi-purpose tray 14, 
a multi-purpose— side, sheet-feed roller 15, a.nd a multi— 
purpose-aide sheet-feed pad 25. The multi— purpose-side 
sheet- feed roller 15 is for feeding sheets 3 stacked on the 
multi-purpose tray 14- The multi-purpose-side sheet-feed 
roller 15 and the multi-purpose-side sheet-feeci pad 25 are 
disposed in confrontation with each other. A spring 25a is 
disposed to the underside of the multi-purpose— side sheet-* 
feed pad 25. The spring 25a presses the multl-*purpose-side 
sheet-feed pad 25 toward the multi-purpose-side sheet- feed 
roller 15, Rotation of the multi-purpose-side sheet^feed 
roller 15 sandwiches a sheet from the stack on the multi- 
purpose tray 14 and then feeds out one sheet at a time from 
the multi-purpose tray 14 « 

The image forming unit 5 includes a scanner unit 16, a 
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process unit 17, and a fixing unit: 18. 

The scanner uniX 16 is disposed in the top portion of 
thie casing 2 and includes a laser «iitting portion (not 
shown), a polygonal mirror 19, lenses 20, 21, and reflection 
mirrors 22, 23, 24. The polygonal mirror 19 is driven to 
rotate. The laser emitting portion emits a laser beam based 
on image data. As indicated by the dot chain line In Fig- 1, 
the laser beam is reflected off or passes through the 
polygon mirror 19, the lens 20, the reflection mirrors 22 
and 23, the lens 21, and the reflection mirror 24 in this 
order so as to be scanned at a high speed on the surface of 
a photosensitive drtim 27 of the process unit 17 to be 
described later. 

The process unit 17 is disposed below the scanner iinit 
16 and includes a dnati cartridge 26, the photosensitive drum 
27, a developing cartridge 28, a scorotron charge unit 29,. 
and a transfer roller 30. The drum cartridge 26 is freely 
detachably mounted in the casing 2. As shown in Fig. 2, the 
photosensitive drum 27, the developing cartridge 28, the 
scorotron charge unit 29, and the transfer roller 30 are 
provided in the drum cartridge 26. 

The developing cartridge 28 is freely detachably 
mounted In the drum cartridge 26 and includes a developing 
roller 31, a layer-thickness regulating blade 32, a supply 
roller 33, and a toner holding portion 34. The developingr 



car-tridge 28 is slidable forward and rearward^ tha-t is, away 
from and toward the drum cartridge 26 under the drive of a 
separating solenoid 56 shown in Fig. 4. 

A positively-charging, non-magnetic, single— component 
toner fills the toner holding portion 34. A polymer toner is 
used in the embodiment. The polymer toner can be made by 
copolymerizing a polymerizing monomer using a well-known 
polymerization method such as suspension polymerization. 
Examples of polymerizing monomers include styrene monomers . 
such as styrene and acrylic monomers such as acrylic acid 
alkyl (C1-C4) acrylate, and alkyl (C1-C4) meta-acrylate . 
Particles of the polymerized toner are spherical and so have 
extremely good fluidity so that high-quality images can be 
formed. Wax and a coloring agent, such as carbon black, axe 
added to the toner. Also^ an external additive such as 
silica is added to the toner for the purpose of increasing 
fluidity of the toner. The particles of the toner have a 
particle diameter of about 6 to 10 micrometers. The toner is 
adjusted to have a charge-to-mass ratio Q/M having an 
absolute value of 10 micro coulondbs/grism or greater. 

An agitator 36 is supported on a rotation shaft 35 
provided in the center of the toner holding portion 34. 
Rotation of the agitator 36 in the counterclockwise 
direction of Fig. 1 agitates the toner in the toner holding 
portion 34 and discharges the toner from a toner supply 
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opening 37 opened in the side surface of the toner holding 
portion 34. It should be noted that a window 38 Is provid d 
in the side wall of the toner holding portion 34 for 
det:ecting the remaining amount of toner in the toner holding 
portion 34. A cleaner 39 supported on the rotation shaft 35 
cleans the window 38. 

The supply roller 33 is disposed to the side of the 
toner supply opening 37, rotatable in the counterclockwise 
direction as indicated by an arrow in Fig, 1. The developing 
roller 31 is disposed in confrontation with nhe supply 
roller 33/ also rotatable in the counterclockwise direction 
as indicated by an arrow in Pig. 1. The supply roller 33 and 
the developing roller 31 abut against each other so that 
l:)oth are compressed by a certain amount. 

The supply roller 33 i3 formed from a metal roller 
shaft covered by a conductive sponge roller. 

The developing roller 31 is formed, from a. metal roller 
shaft converted by a resilient member, which is madei from a 
conductive r\ibber material. More specifically, t:he roller of 
the developing roller 31 has a two-layer configuration 
including a roller portion and a surface coat layer. The 
roller portion is formed from a conductive resilient 
material such as EPDM rubber, silicon rubber, urethane 
rubber incorporated with, for example, carbon particles. The 
surface coat layer covers the surface of the roller portion. 
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THe surface coat layer has a great r hardness than the 
roller portion. Examples of the main compcnent of the 
surface coat layer include urethane rubber/ urethane resin, 
and polyixnide resin. 

A submotor shown in Fig. 4 is provided for driving the 
developing roller 31 • A developing bias application circuit 
58 shown in Fig. 4 applies a predetermined developing bias 
to the developing roller 31. 

The layer-thickness regulating blade 32 is disposed 
near the developing roller 31. The layer-thickness 
regulating blade 32 includes a metal plate spring and a 
pressing portion 40 attached to the free end of the plate 
spring. The pressing portion 40 is formed from silicon 
rubber, which has electrical insulation properties. The 
pressing portion 40 has a half circle shape in cross section. 
The layer-thickness regulating blade 32 is supported on the 
developing cartridge 28 at a position near the developing 
roller 31 so that the pressing portion 40 is pressed against 
the developing roller 31 by resiliency of the plate spring. 

Rotation of the supply roller 33 supplies the toner 
from the toner supply opening 37 to the developing roller 31 . 
The toner is charged to a positive charge by friction 
between the supply roller 33 and the developing roller 31. 
The toner supplied onto the developing rqller 31 enters 
between the developing roller 31 and the pressing portion 40 
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of the layer-thickness regulating blade 32 in association 
wi-th rotation of the developing roller 31- The toner is 
sufficiently charged by friction between the pressing 
portion 40 and the developing roller 31 and regulated to a 
thin layer with a uniform thickness on the developing roller 
31. 

The photosensitive drum 27 is disposed to the side of 
the developing roller 31 and is rotatable in contact witU 
the developing roller 31 in the clockwise direction as 
indicated by an arrow in Fig. 1, The drum body of the 
photosensitive drum 27 is grounded. The surface of the 
photosensitive drum 27 is formed from a photosensitive layer 
of a dispersion-type, single layer, organic photosensitive 
body. A charge generating material is dispersed in the 
charge transporting layer. Also, the main motor 52 shown in 
Fig- 4 drives rotation of the photosensitive drum 27. 

The scorotron charge unit 29 is disposed above the 
photosensitive drum 27, separated by a predetermined 
distance from the photosensitive drum 27 so as not to 
contact the photosensitive drum 27. The scorotron charge 
unit 29 is a scorotron charge unit that, in order to 
positively charge the surface of the photosensitive drum 27, 
generates a corona discharge from a charge wire made from 
tungsten, for example. The scorotron charge unit 29 charges 
the surface of the photosensitive drum 27 to a uniform 
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positive charge. The scorotron charge unit 29 i-S controlled 
to charge by a charge control circuit 60 shown ±n Fig. 4. 

As the photosensitive drum 27 rotates, tkie surface of 
the photosensitive drum 27 is first charged uniformly to a 
positive charge by the scorotron charge unit 29, and then 
exposed by the high--speed scanning laser beam from the 
scanner unit 16 to form a static-electric latent image based 
on image data. 

As the developing roller 31 confronts and contacts the 
photosensitive dxrum 27, rotation of the develop±ng roller 31 
supplies positively-charged toner that is borne on the 
developing roller 31 to the static-electric latent image 
formed on the surface of the photosensitive drum 27. At this 
time^ the toner is selectively borne on only porrtions of the 
photosensitive drum 27 that were exposed by the laser beam. 
That is, when the laser beam exposes portions of the 
uniformly positively charged surface of the plaotosensitive 
drum 27, the electric potential drops at the exposed 
portions. The supplied toner is selectively tzransf erred to 
only the exposed portions ^ thereby developing the static- 
electric latent image into a visible toner image. In this 
vay^ an inverse development operation is perfomed. 

The transfer roller 30 is disposed. below the 
photosensitive drum 27 in confrontation with the 
photosensitive dnma 27, and supported so as to be rotatable 
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in t:he counterclockwise dirdcHion as indicated by an arr w 
in Fig. 1. The transfer roller 30 is made from a metal 
rolXer shaft covered by a roller made from a conductive 
rut>l>er material. The transfer roller 27 rotates following 
drive of the photosensitive drum 27. A tr-ansfer bias 
application circuit 59 shown in Fig. 4 applies a transfer 
bias to the transfer roller 27 with respect to the 
photosensitive drum 27, when the visible toner image is to 
be transferred from the photosensitive drum 27. As a result r 
-the visible toner image borne on the surface of the 
photosensitive drum 27 is transferred to sheets 3 while 
sheets 3 pass between the photosensitive drum 27 and the 
transfer roller 30. 

As shown in Fig, 1, the fixing unit 18 is disposed 
downstream from the process unit 17 and includes a thermal 
roller 41/ a pressing roller 42, and a pair of transport, 
rollers 43. The pressing roller 42 presses against the 
thermal roller 41, The pair of transport ^rollers 43 are 
provided downstream from the thermal roller 41 and the 
pressing roller 42. The thermal roller 41 is made from metal 
and is provided with a halcgeii lamp for heating up the metal - 
Sheets 3 are transported between the thermal roller 41 and 
the pressing roller 42 to thermally fix toner that was 
transferred onto the sheets 3 in the process unit 17 onto 
the sheets 3. Afterward, the transport rollers 43 transport 
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tn© sneets 3 to a sheet-diacharg path 44. Sheets 3 
transported to the sheet-discharge path 44 are discharged by 
discharge rollers 45 onto a sheet-discharge tray 46. 

The laser printer 1 is provided with an inverted 
-transport portion 47 for enabling formation of images on 
both surface of the sheets 3. The inverted transport portion 
47 includes the sheet-discharge rollers 45, an inverted 
transport path 48^ a flapper 49, and a plurality of inverted 
uransport rollers 50. 

The sheet-discharge rollers 45 include a pair of 
rollers that can be switchingly driven to rotate in forward 
and reverse directions. That is, the sheet-discharge rollers 
45 are driven to rotate forward when a sheet 3 is to be 
discharged onto the sheet-discharge tray 46 and to rotate in 
reverse when a sheet 3 is to be inverted. 

The inverted transport path 48 is provided following 
the vertical direction so as to enable sheets. 3 to be 
transported from the sheet-discharge roller 45 to the 
plurality of inverted transport rollers 50,. which are 
disposed below the image forming unit 5. The inverted 
transport path 48 is oriented with its upstream end adjacent 
to the sheet-discharge roller 45 and its downstream end 
adjacent to the inverted transport rollers 50- 

The flapper 49 is swingably disposed at the junction 
of the sheet-discharge path 44 and the inverted transport 
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path 48. Although not shown in the cirawings, a switch 
solenoid is provided that, by being selectively energized 
and not energized, switches the flapper 49 back and forth to 
select transport direction of sheets 3 that have been 
inverted by the sheet-discharge rollers 45 from the 
direction of the sheet- discharge path 44 to the direction of 
the inverted transport path 48. 

The inverted transport rollers 50 are provided in pair 
sets aligned horixontally above the sheet-supply tray 6. The 
pair of inverted transport rollers 50 that are located 
furthest upstream are disposed adjacent to the rear end of 
the inverted transport path 48, The pair of inverted 
transport rollers 50 that are located furthest downstream 
are disposed below the registration rollers 12 . 

The inverted transport portion 47 operates in the 
following manner when images are to be formed on both sides 
of a sheet 3. After an image is formed on one side of a 
sheet 3r the transport rollers 43 transport the sheet 3 from 
the sheet-discharge path 44 to the sheet-discharge, rollers 
45. The sheet-discharge rollers 45 rotate forward with the 
sheet 3 sandwiched therebetween to transport the sheet 3 
toward the outside of the printer 1, that is^ toward the 
sheet-discharge tray 46. After most of the sheet 3 is 
transported out of the printer 1, the sheet-discharge 
rollers 45 stop rotating while the end edge of the sheet 3 
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remains sandwiched therebetween. The sheet-discharge rollers 
45 are then rotated in reverse and the flapper 49 switches 
transport direction so that the sheet 3 is transported into 
t:he inverted transport path 48 with front and rear surfaces 
of the sheet 3 reversed. Once transport of the sheet 3 is 
complete, the flapper 49 switches back to the position for 
transporting sheets 3 to the sheet-discharge rollers 45. The 
sheet 3 transported backward into the inverted transport 
paHh 48 is transported by the inverted transport rollers 50 
to the registration rollers 12 with upper and lower sides 
reversed. The registration rollers 12 perform a registration 
operation on the sheet 3 with the sheet upside down. Then, 
the sheet 3 is transported toward the image forming unit 5, 
which foirtas an image on the other side of the sheet 3. 

The laser printer 1 uses the developing roller 31 to 
collect residual toner that remains on the surface of the 
photosensitive drum 27 after the transfer roller 30 
transfers the visible toner image onto the sheet 3. This is 
referred to as the '•cleanerless method" for collecting 
residual toner. By using the cleanerless metJiod to collect 
residual toner from the surface of the photosensitive druzn 
27, there is no need to provide the laser printer 1 with a 
cleaner unit, such as a scraping blade, or a unit for 
holding the waste toner. Therefore, the configuration of the 
printer is simpler, and the printer can be made smaller and 
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less expensively. 

Fig- 4 Is a block diagram showing a portion of a drive 
sY&ti&xi of the laser printer 1- As shown in Fig. 4, a central 
control unit (CPU) 51 is connected to various coxcponents, 
including a main motor drive circuit 53, a sul^motor drive 
circuit 55, a separating solenoid drive circuit 57, a 
developing bias application circuit 58, a transfer bias 
application circuit 59, and a charge control circuit 60. The 
main motor drive circuit 53 is for controlling the main 
molior 52 to drive the photosensitive drum 27. The submotor 
drive circuit 55 is for controlling .the submotor 54 to drive 
the developing roller 31. The separating solenoid drive 
circui-t 57 is for controlling drive of the separating 
solenoid 56. 

The CPU 51 includes a RAM 61 and a ROM 62 and controls 
the various components of the drive system. The RM 61 
temporarily stores values used for controlling drive of the 
various components . The ROM 62 stores drive control programs 
for controlling the main motor drive circuit 53, the 
submotor drive circuit 55, the separating solenoid drive 
circuit 57^ the developing bias application circuit 58, and 
the transfer bias application circuit 59. 

The main motor 52 is coimected to the main motor drive 
circuit 53. Although not shown in the drawings, a gear train 
is provided that link the main motor 52 to various sheet- 
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transporting components, such as the pap©r-dust removal 
rollers 10, 11, the registration rollers 12, the pressing 
roller 42, and the transport roller 43, and a gear train is 
provided for connecting the main motor 52 to the 
photosensitive drum 27. The CPU SI executes the drive 
control programs stored in the ROM 62 to control, via the 
main motor drive circuit 53, the main motor 52 to 
selectively drive and stop drive. As a result, as the main 
motor 52 is controlled to drive and stop drive in accordance 
with the drive control programs, the photosensi-tive drum 27 
is controlled to rotate or stop rotating • 

The subraotor 54 is connected to the sulmiotor drive 
circuit 55. Although not shown in the drawings, a gear train 
is provided that links the siabmotor 54 to t]:ie developing 
roller 31. The CPU 51 executes the drive control programs 
stored in the ROM 62 to control, via the svibmotor drive 
circuit 55, the submotor 54 to selectively drive and stop 
drive. As a result, as thei sulOTotor 54 is controlled to 
drive and stop drive in accordance with the drive control 
programs, the developing roller 31 is control led to rotate 
or stop rotating. 

It should be noted that when the sulOTOtor 54 is 
controlled to stop driving rotation of the developing rollei: 
31, not only is the submotor 54 energized to stop driving, 
but also resistance caused by meshing engag-ement between 
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gears of the gear trains (not shown) blocks any further 
rotation of the developing roller 31. As a result, the 
developing roller 31 is reliably prevented from rotating 
even while the photosensitive drxm 27 is being driven to 
rotate while in contact with the developing roller 31, With 
this configuration^ when the photosenaitive drum 27 is 
driven to rotate while rotation of the developing roller 31 
is stopped, the photosensitive drum 27 rubs against the 
siarface of the developing roller 31 while the developing 
roller 31 is completely immobile, so that any filming on the 
surface of the photosensitive drum 27 can be polished off. 

It should be noted that rotation of the developing 
roller 31 need not be regulated by resistance cause by 
meshing engagement of gears, but a separate locking 
mechanism can be provided to the developing roller 31 for 
regulating rotation of the developing roller 31. 

The separating solenoid 56 is connected to the 
separating solenoid drive circuit 57. The separating 
solenoid 56 is provided for sliding the developing cartridge 
28 forward and rearward, that is, toward and away from, the 
drum cartridge 26. When the separating solenoid 56 is 
energized, then as shown in Fig. 2 the developing cartridge 
2 8 is moved to a forward position, that is, a contact 
position, with respect to the drum cartridge 26 so that the 
developing roller 31 and the photosensitive drum 27 are in 
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contact with each other. When the s parating solenoid 56 Is 
not energized, then as shown in Fig. 3 the developinor 
Q^rtridge 28 is moved to a rearward position, that is, a 
separated position, with respect to the drum cartridge 26 so 
that the developing roller 31 and the photosensitive drum 27 
are separated from each other by a small gapr 

As shown in Fig. 1, the separating solenoid 56 is 
provided above the rear portion of the developing cartridge 
28 in the casing 2, along with an L-shaped member 122 and a 
spring 124. The separating solenoid 56 is disposed so that 
its plunger shaft 121 extends dbwmward when the separating 
solenoid S6 is energized and retracts when the separating 
solenoid 56 is not energized. 

The L-shaped member 122 is supported friaely pivotably 
about a fulcrum 123 positioned along the length of the long 
portion of the L-shapad member 122, with the long side 
oriented horirontally and the short aide protruding downward, 
when the separating solenoid 56 is not being energized. 
Further, the L-ahaped member 122 is supported with the rear 
end of its longer section abutted by the extendable and 
retractable plunger shaft 121 of the separating solenoid 56 
and with the free end of its shorter section constantly in 
contact with a slanting surface of a protrusion portion 125, 
which is formed integrally to the rear-upper surface of the 
developing cartridge 28. It should be noted that the 
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slanting surface of the protrusion portion 12S is formed to 
slant upward from the forward end to the rearward end - 

A spring 124 is disposed below the rear end of the 
longer section of the L-shaped member 122 at a position in 
vertical confrontation with the plunger shaft 121 of the 
separating solenoid 56. The spring 124 constantly urges the 
rear end portion of the longer section of the L-shaped 

member 122 upward. 

As indicated by broken line in Fig. 1, while the 
separating solenoid 56 is not being energized, the plunger 
shaft 121 of the separating solenoid 56 is retrafctcd by 
urging force of the spring 124 and the L-shaped member 122 
pivots around the fulcrum 123 so that the free end of the 
shorter section moves downward to press against the slanting- 
surface of the protruding portion 125. Because of the 
pressing force from the L-shaped member 122, the protrusion 
124 of the developing cartridge 28 moves in the direction 
that avoids the pressing force. Therefore, -the developincr 
cartridge 28 moves to the separiation position with respect, 
to the drum cartridge 26. As a result, the developing roller 
31 and the photosensitive drum 27 are separated by a small 
gap. 

When the separating solenoid 56 is energized, then as 
indicated by solid line in Fig, 1, the plunger shaft 121 of 
the separating solenoid 56 extends downward. This presses 
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the rear end of the longer section of the L-shap d meinber 

122 downward against the urging force of the spring 124. As 
a result, the L-shaped member 122 pivots around the fulcrum 

123 so that th« free end of the shorter section of the L- 
shaped laember 122 moves upward and separates from the 
slanting surface of the protruding portion 125. 

Although not shown in the drawings, a spring is 
provided at the rear end of the developing cartricige 28 for 
urging the developing cartridge 28 toward the drum cartridge 
26. under the urging force of this spring, the developing 
cartridge 28 is moved into the contact position with respect 
to the drum cartridge 26 in accordance with movement of the 
shorter section of the L-shaped member l.-shaped member 122, 
so that the developing roller 31 and the photosensitive drum 
27 are brought into contact as shown in Fig. 2. 

It should be noted that other separation mechanisms 
can be used to move the developing roller 31 and the 
photosensitive drum 27 into and out of contact. For example, 
one such mechanism is described in United States Patent No. 
6,041,203, the disclosure of which is hereby incorporated by 
reference. 

The CPU 51 controls the separating solenoid drive 
circuit 57 to energize and stop energizing the separatinQ 
solenoid 56 in accordance with the drive control programs 
stored in the ROM 62. As a result, the developing roller 31 
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andl the photosensitive drum 27 are brought into and out of 
contact with each other by control of energizing and not 
energizing the separating solenoid 56 in accordance with the 
^rive control programs . 
5 The roller shaft of the developing roller 31 is 

connected to the developing bias application circuit S8. The 
<ieveLoping bias application circuit 58 applies a developing 
bias to the developing roller 31 in accordance to an on/off 
control of the drive control programs stored in the ROM 62 
s_L 10 of the CPU 51. 

? — . 

P The roller shaft of the transfer roller 30 is 

S connected to the transfer bias application circuit 59. The 

§ transfer bias application circuit 59 applies a transfer bias 

rU the transfer roller 30 in accordance to an on/off control 

s 15 of the drive control programs stored in the ROM 62 of the 

o 

^ CPU 51. • 

The scorotron charge unit 29 is connected to the 
charge control circuit 60. The charge control circuit 60 
controls the scorotron charge unit 29 to turn on (and to 
20 develop a corona discharge) and off in accordance with the 
drive control programs stored in the ROM 62 of the CPU 51 . 

The laser printer 1 develops the static-electric 
latent image on the photosensitive drum 27 using impression 
developing, wherein the toner borne on the developing roller: 
25 31 is scraped onto the photosensitive drum 27. As a result. 
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toiler, particularly external additive, paper dust, and th 
like that remain on the surfac photosensitive drum 27 after 
a visible toner image is transferred to a sheet 3, can 
easily cling to the surface of the photosensitive drum 27, 
resulting in filming. However, by executing the drive 
cor^iirol program stored in the ROM 62, the CPU 51 controls to 
atop drive of the submotor 54, while executing drive of the 
main motor 52, during non- image forming periods when no 
ixoages are being formed. As a result, the surface of driven 
photosensitive drum 27 rubs against the stopped developing 
roller 31, so that the filming is polished from the surface 
of the photosensitive drum 27 . 

With this control, as shown in Fig. 5, ciirectly after 
an image is formed on a sheet 3, that is, after the rear 
edge of the last sheet passes through the nip portion 
between photosensitive drum 27 and the transfer roller 30, 
the CPU 51 controls both the main motor 52 and the submotor 
S4 to drive the photosensitive drum 27 and the developing 
roller 31, respectively. At iihls time, the developing roller 
31 and the photosensitive drum 27 are in contact with eacH 
other. From this condition, the CPU 51 first controls to 
stop the submotor 54 from driving rotation of the developing 
roller 31. Then, after the photosensitive drxam 27 continues 
to rotate against the stopped developing roller 31 for at 
least a single rotation, the CPU 51 controls the separating 
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soLenoid drive circuit 57 to stop energizing the separating 
solenoid 56, so that the developing roller 31 and the 
photosensitive drum 27 separata from each other. Afterward, 
the CPU 51 then controls the main motor 52 to stop driving 
the photosensitive drum 27. 

This control will be explained in more detail with 
reference to Fig. 5. Before an image formation process is 
started, all of the main motor 52, the scorotron charge unit 
29, the subrootor 54, developing bias, the separating 
solenoid 56. and the transfer bias are in an off or non- 
energised condition. At this time, the developing roller 31 
and the photosensitive drum 27 are separated by a gap. when 
the CPU 51 receives a print job, it develops the print data 
from the print job into image data, such as bit map data. 
Afterward, a trigger indicating the start of an linage 
formation process is input at a predetermined timing. Opon 
receiving input of the trigger, the CPU 51 turns on the main 
motor 52 to drive the photosensitive drum 27 and various 
components for transporting sheets 3 and turns on the 
scorotron charge unit 29 to charge the surface of the 
photosensitive drum 27 to a uniform positive charge. After a 
predetermined time of 2.0 seconds elapses, the CPU 51 
controls to turn on the submotor 54 and the developing bias 
to drive rotation of the developing roller 31 and apply tbe 
developing bias to the driven developing roller 31. After a 



29 



further 0-2 seconds elapse, the separating solenoid 56 is 
energized to bring the developing roller 31 and the 
photosensitive drum 27 into contact with each other while 
both are being driven to rotate. Then, the transfer bias is 
turned on 0.99 seconds before the front edge of the first 
sheet 3 reaches the nip portion between the pbotosenaitive 
drum 27 and the transfer roller 30. As a result, the 
transfer bias is applied to the transfer roller 30 so that 
the visible toner image on the photosensitive drum 27 is 
transferred onto sheets 3 that pass between the 
photosensitive drum 27 and the transfer roller 30- It should 
be noted that the timing at which the transfer bias is 
turned on is set as a predetermined time from the time that 
a sheet detection sensor (not shown) , which is provided 
downstream from the registration rollers 12, detects the 
front edge of the first sheet 3 . 

The on or energized condition of the main motor 52 , 
the scorotron charge unit 29, the sulMiotor 54, the 
developing bias, the separating solenoid 56, and the 
transfer bias is continued until visible toner images are 
transferred to a nunOaer of sheets 3 that need to be printed. 

Then, the submotor 54 is turned off after 1.0 seconds 
elapse from when the end edge of the last sheet 3 passes 
through the nip portion where the photosensitive drum 27 and 
the transfer roller 30 contact each other. As a result, the 
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developing roller 31 stops rotating. Simultaneously with 
this, the transfer bias is turned off so that the transf r 
^ias is stopped being applied to the transfer roller 30. 
However, the developing bias is still applied to the stopped 
developing roller 31. It should be noted that tilling at 
which the submotor 54 and the transfer bias are turned off 
is set as a predetermined time from the time that the sheet 
detection sensor (not shown), which is provided downatream 
from the registration rollers 12, detects the end edge of 

the last sheet 3. 

Because of this, the submotor 54 is stopped while the 
Biain motor 52 is being driven. Therefore, the surface of the 
photosensitive drum 27 rubs against the stopped developinsr 
roller 31 so that filming is polished off from the surface 
of the photosensitive drum 27. 

Then energization of the separating solenoid 56 is 
stopped after a predetermined time that is required for the 
photosensitive drum 27 to rotate once elapses . In this 
entoedment, the predetermined time is 1.0 seconds. As a 
result, the developing roller 31 is separated from the 
photosensitive drum 27 while the photosensitive drum 27 is 
still being driven to rotate. Also, the developing bias is 
turned off simultaneously with this. Once the last sheet 3 
is discharged, the main motor 52 and the scorotron charge 
unit 29 are turned off. thereby completing an image 



31 



forniation process by stopping drive the photosensitiv drum 
27 and of various components for transporting she ts 3 and 
also stopping the seorotron charge unit 29 from charging the 
surface of the photosensitive drum 27. It should be noted 
that the discharge of the last sheet 3 is detected by a 
sheet-discharge sensor (not shown) and the main motor 52 and 
the seorotron charge unit 29 are turned off based on the 
detection by the sheet-discharge sensor. 

This control method can be applied when the 
photosensitive drum 27 rotates with a peripheral speed of 
93xnm/sec (16 ppm) , the photosensitive drum 27 has a diameter: 
of 100 mm « , and the developing roller 31 rotates with a 
peripheral speed of 158.1 ram/ sec, which is 1.7 times the 
peripheral speed of the photosensitive drum 27. 

This control can be achieved without providing any new 
special components so that the image forming device can be 
made in a compact size and less expensively. Also, by the 
simple control of stopping the sulMnotor 54 and then the main 
motor 52 in this order after image formation is completed ; 
the surface of the rotating photosensitive drxan 27 can be 
rubbed against the stopped developing roller 31 so that 
filjning can be properly removed from the surface of the 
photosensitive drum 27. Moreover, by controlling the 
developing roller 31 to stop without changing its rotational 
speed, the toner layer is stably formed on the surface of 
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the developing roller 31 while the developing roller 31 is 
in the process of stopping. Accordingly, an optimal toner 
Xayer is always formed on the surface of the developing 
roller 31 so that proper image formation can be performed 
using the non-magnetic, a ingle- component toner developing 
method . 

The rotation of the photosensitive drum 27 not only 
transfers visible toner images onto sheets 3, hut also 
contributes to transport of the sheets 3. Further, the main 
motor 52 drives a variety of components for transporting 
sheets 3, in addition to driving the photosensitive drum 27. 
Therefore, the main motor 52 must be driven after image 
formation is completed until transportation of the last 
sheet 3 is completed. However, if the main motor 52 is 
driven for too long of a time while the submotor 54 is 
stopped. both the developing roller 31 and the 
photosensitive drum 27 can be damaged by rubbing between the 
developing roller 31 and the photosensitive drum 27, thereby 
reducing their life. 

However, because the separating solenoid 56 is 
controlled to separate the developing roller 31 and the 
photosensitive drum 27 at the timing described above, the 
submotor 54 can be stopped while the main motor 52 is still 
driven with the developing roller 31 and the photosensitive 
drum 27 separated and not in contact with each other. For 
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this reason, by continuing drive of the main motor 52 after 
image formation is completed, the last sheet 3 can be 
properly transported while reducing damage by contact 
between the developing roller 31 and the photosensitive drum 
27. This increases durability of the printer. 

If after the submotor 54 is stopped, the developing 
roller 31 and the photosensitive drum 27 were separated 
before the photosensitive drum 27 rotates once completely, 
then different areas of the surface of the photosensitive 
drum 27 would be polished by different amounts, so that 
filming could not be properly removed. However, according to 
the present control, the developing roller 31 and the 
photosensitive drum 27 are separated after the 
photosensitive drum 27 rotates once completely after the 
submotor 54 is stopped. Therefore, filming can be properly 
removed without generating variation in the polishing amount.- 

Pig. 6 shows a modification of the control sequence 
represented in Fig. 5. In this modif icetion, about 1.0 
seconds after an image formation process is started, that is , 
after the trigger is input and the main motor 52 and tbe 
scorotron charge unit 29 are started, then the separating 
solenoid 56 is energized and also the developing bias is 
turned on. When the separating solenoid 56 la energized, the 
developing roller 31 and the photosensitive drum 27 are 
brought into contact with each other so that the 
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photosensitive drum 27 rubs against the developincF roller 31. 
This condition continues until the photos nsitive drum 27 
rotates once against the stopped developing roller 31, that 
is, for a further 1.0 seconds in the present modification. 
Then the submotor 54 is driven to rotate also. 

This modification of the embodiment will be described 
in more detail. As shown in Fig. 6, before the image 
fonnation process begins, the main motor 52, the scorotron 
charge unit 29. the submotor 54, the developing bias, the 
separating solenoid 56, and the transfer bias are all in an 
off or non-energized condition. The developing roller 31 and 
the photosensitive drum 27 are in a separated condition . 
When the CPU 51 receives a print job, then the CPU 51 
performs processes to develop the print data of the print 
job into image data, such as bit map data. At e. [ 
predetermined timing after this, a trigger is input to 
indicate the start of an image formation process . The main 
motor 52 and the scorotron charge unit 29 are turned on when 
the trigger is input. As a result, the photosensitive drum 
27 and various components for transporting the sheet 3 are 
driven, and also the surface of the photosensitive dnati 27 
is uniformly charged to a positive charge by the scorotroix 
charge unit 29. After a predetermined duration of time, that 
is, 1.0 seconds in the present modification, the separating 
solenoid 56 is energized and the developing bias is turned 
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on- As a result:, the developing roller 31 and the 
pliotosensitive drum 27 are brought into contact vith eacH 
QtHer while the main motor 52 is driven and the submotor 54 
Is stopped. Therefore, the rotating photosensitive drum 27 
rutos against the stopped developing roller 31 so that any 
filming on the surface of the photosensitive drum 27 is 
polished off- After a predetermined duration of time, the 
submotor 54 is turned on to drive rotation of the developing 
roller 31, The predetermined duration of time in this 
modification is 1.0 seconds, which is the time required for 
the photosensitive drum 27 to rotate once. 

Next, the transfer bias is turned on 0.99 seconds 
before the front edge of the first sheet 3 reaches the nip 
portion where the photosensitive drum 27 and the transfer 
roller 30 contact each other. As a result, the transfer 
roller 30 is applied with a transfer bias so that visible 
images are transferred on the sheets 3 as they pass between 
the photosensitive drum 27 and the transfer roller 30. It 
should be noted that timing of when the transfer bias is 
turned on is set as a predetermined time from when the sheet 
detection sensor (not shown) provided downstream from the 
registration rollers 12 detects the front edge of the first 
sheet 3. 

The on or energized condition of the main motor 52 , 
the scorotron charge unit 29, the submotor 54, the 
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developing bias, th separating solanold 56, and the 
transfer bias continues until a visible toner image is 
transferred to the number of sheets 3 to be printed for the 
current print job. It should be noted that the on and 
energized conditions continue during the time between one 
sheet and the next. 

Energization of the separating solenoid 56 and 
application of the transfer bias are stopped after 1.0 
seconds elapses from when the end edge of the last sheet 3 
passes between the nip portion where the photosensitive drum 
27 and the transfer roller 30 contact each other. As 
result, the developing roller 31 separates from the 
photosensitive drum 27 while the developing roller 31 and 
the photosensitive drum 27 are being driven to rotate, and 
also the transfer bias is no longer applied to the transfer 
roller 30. It should be noted that the timing for stopping 
energization of the separating solenoid 56 and for turning 
off the transfer bias is set as a predetermined timing from 
when the sheet detection sensor {not shown) provided 
downstream from the registration rollers 12 detects the rear- 
edge of the last sheet 3 . . 

Then, after a further 1.0 seconds elapses, the 
submotor 54 and the developing bias are turned off so that 
the developing roller 31 is stopped and the developing bias 
is no longer applied to the developing roller 31. The main 
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motor 52 and the score tron charge unit 29 are then turned, 
off after the last sheet 3 is completely discharg d. As a 
result^ the photosensitive drum 27 and the various 
components for driving the transporting sheets 3 are stopped, 
and also charging of the surface of the photosensitive drum 
27 is stopped, whereupon the image formation process is 
completed, it should be noted that the main motor 52 and the 
scorotron charge unit 29 are turned off based on when the 
sheet discharge sensor (not shown) detects that the last 
sheet 3 is discharged. 

This control method can be applied when the 
photosensitive drum 27 rotates with a peripheral speed of 
93nmi/sec (16 ppm) , the photosensitive drum 27 has a diameter 
of 30 mm ^ , and the developing roller 31 rotates with a 
peripheral speed of 158.1 mm/sec, which is 1.7 times the 
peripheral speed of the photosensitive druwi 27. 

This control can be achieved without providing any new 
special components so that the image forming device can be 
made in a compact size and less expensively. Also, by the 
simple control of starting the main motor 52 and then the 
submotor 54 in this order before image formation Is started, 
the surface of the rotating photosensitive drum 27 can be 
rubbed against the stopped developing roller 31 so that 
filming can be properly removed from the surface of the 
photosensitive drum 27. Moreover, by controlling the 
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developing roller 31 to stop without changing its rotational 
gpeed, the toner layer is stably formed on the surface of 
the developing roller 31 while the developing roller 31 is 
in the process of stopping. Accordingly, an optimal toner 
layer is always formed on the surface of the developin^r 
roller 31 so that proper image formation can be performed 
using the non-magnetic, single-component toner developing 
method. 

If the main motor 52 were driven for too long of a 
time while the submotor 54 is stopped before the linage 
formation process, then both the developing roller 31 and 
the photosensitive drum 27 could be damaged by rubbing 
between the developing roller 31 and the photosensitive drum 
27, thereby reducing their life. However, because the 
separating solenoid 56 is controlled to contact the 
developing roller 31 and the photosensitive drum 27 at the 
delayed timing described above, the submotor 54 can be 
stopped while the main motor 52 is driven with the 
developing roller 31 and the photosensitive drum 27 
initially independent and not in contact with each other. 
For this reason, the amount that the developing roller 31 
and the photosensitive drum 27 are damaged by being In 
contact with each other over longs periods of time can be 
reduced, so that the printer is more durable- 

If the developing ioller 31 is driven to rotate 
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before the photosensitive drum 27 rotates one full turn from 
when the dev loping roller 31 and the photosensitive drum 27 
are brought into contact with each other, then different 
areas of the surface of the photosensitive drum 27 would be 
polished by different amounts, so that filming could not be 
properly removed. However, according to the control of the 
present modification, the developing roller 31 is driven to 
rotate after the photosensitive drum 27 rotates one full, 
-turn from when the developing roller 31 and the 
photosensitive drum 27 are brought into contact with eacti 
other. Therefore, filming can be properly removed without 
generating variation in the polishing amount. 

Fig. 7 shows a modification of the control sequences 
represented in Figs, 5 and 6, In the controls represented in 
Figs. 5 and 6, the separating solenoid 56 Is used to 
separate, and bring into contact, the developing roller 31 
and the photosensitive drum 27 at appropriate timings. 
However, Pig. 7 represents an example control used when no 
separating solenoid 56 is provided. In the modification of 
Fig- 7, after images are formed on sheets 3, drive of the 
submotor 54 is stopped and then restarted. Then, the main 
motor 52 and the submotor 54 are stopped simultaneously. It 
should be noted that alternatively the submotor 54 need not 
be stopped simultaneously with the main motor 52, but could 
be stopped after the main motor 52 is stopped . 
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It should b noted that Fig. 7 also indicates timing 
o£ when a transfer reverse bias is applied to th developing 
roller 31 in addition to the transfer bias. In the same 
manner as the transfer bias, the transfer reverse bias is 
applied to the developing roller 31 by the transfer bias 
application circuit 59 in accordance with on and off control 
toy the drive control program stored in the ROM 62 of the CPU 
51 . 

This control will be explained in more detail with 
reference to Fig. 7, Before an image formation process is 
started, all of the main motor 52, the scorotron charge unit 
29, the submotor 54, developing bias, the transfer bias, ana 
the transfer reverse bias are in an off or non-energized 
condition. When the CPU 51 receives a print job, it develops 
the print data from the print job into image data, such as 
bit map data. Afterward, a trigger Indicating the start of 
-the image formation process is input at a predetermined 
timing. Upon receiving input of the trigger, the CPU 51 
turns on the main motor 52, the scorotron charge unit 29 > 
and the sukmiotor 54 to drive the photosensitive drum 27, 
various components for transporting sheets 3, and the 
developing roller 31, and to charge the surface oi the 
photosensitive drum 27 tO a uniform positive charge. After a. 
predetermined time of 0.4 seconds elapses, the transfer 
reverse bias is turned on for 0.6 seconds so that the 
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transfer roller 30 is appU d wil:h a reverse bias. As a 
result, the transfer roll r 30 is cleaned because pap r dust, 
toner and the like move from the transfer roller 30 to the 
photosensitive dru« 27. The developing bias is turned off 
0.7 seconds' after the transfer reverse bias is turned on so 
that the developing bias is applied- to the developing roller 
31. Afterward. 0.99 seconds before the front edge of the 
first sheet 3 reaches the nip portion where the 
photosensitive drum 27 and the transfer roller 30 contact 
each other, the transfer bias is turned on so that the 
transfer bias is applied to the transfer roller 30- Visible 
toner images are transferred to sheets 3 that pass between 
the photosensitive drum 27 and the transfer roller 30. It 
should be noted that the timing at which the transfer bias 
is turned on is set as a predetermined time from the time 
that the sheet detection sensor (not shown) provided 
downstream from the registration rollers 12 detects the 
front edge of the first sheet 3. 

The on and energized conditions of the main motor 52 , 
the scorotron charge unit 29, the submotor 54, th© 
developing bias, and the transfer bias are maintained until 
visible toner images are transferred to a nuniber Of sheets 
required by the present print job. It should be noted that 
the on or energized conditions are also maintained in 
between one sheet 3 and the next sheet 3. 
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After the end edge of the last sheet 3 passes througH 
the nip portion where the photosensitive drum 27 contacts 
tlie transfer roller 30, but 1.5 . seconds before the last 
sneet 3 is discharged, the sulanotor 54 is turned off so that 
rotation of the developing roller 31 is stopped, it should 
be noted that the timing at which the sub motor is turned 
off is set as a predetermined time from the time that a. 
sneet discharge sensor (not shown) provided downstream from 
the registration rollers 12 detects the rear edge of the 
last sheet 3 . 

With this configuration, the submotor 54 is stopped 
while the main motor 52 is driven. Therefore, the surface o« 
the rotating photosensitive drum 27 rubs against the 
stationary developing roller 31. so that any filming Is 
rubbed off from the surface of the photosensitive drum 27. 

The submotor 54 is again turned on after a 
predetermined time elapses. In this example, the 
predetermined time Is 1.0 seconds, which is the time 
required for the photosensitive drum 27 to rotate once. The 
developing roller 31 is then again driven to rotate for a 
short time of 0.5 seconds, which is the time required for- 
the developing roller 31 to rotate 2-5 times. Then 
simultaneously with complete discharge of the last sheet 3, 
the main motor 522, the scorotron charge unit 29, the 
submotor 54, the developing bias, and the transfer bias are 
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all turned off. A3 a r suit, the image formation process is 
coirpleted by stopping drive of the photosensiti^^e drum 27 
axxd of components for transporting sheets 3. the charging 
operation for charging the surface of the photosensitive 
drum 27. rotation of the developing roller developing roller 
31, and application of the developing bias to the developing, 
roller 31 and of the transfer bias to the transfer roller 30. 
It should be noted that the discharge of the last sheet 3 is 
detected by the sheet-discharge sensor (not shown) and the 
™ain motor 52 and the scorotron charge unit 29 are turned 
off based on the detection by the sheet-discbarge sensor. 

This control method can be applied when the 
photosensitive drum 27 rotates with a peripheral speed of 
93nnn/sec (16 ppm) . the photosensitive drum 27 has a diameter 
of 30 mm * , and the developing roller 31 rotates with a 
peripheral speed of 158.1 mm/sec, which is 1.7 tlines tHe 
peripheral speed of the photosensitive drum 27. 

This control can be achieved without provided any new 
special components so that the image forming device can be 
made in a compact size and less expensively. Also, the 
surface of the rotating photosensitive drum 27 can be rubbed 
against the stopped developing roller 31 so that filming can 
be properly removed from the surface of the photosensitive 
drum 27. By controlling the developing roller 31 to stop 
without changing its rotational speed, the toner layer is 
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stably formed on the surface of the developing roller 31 
while the developing roller 31 is in the process of stopping. 
Accordingly, an optimal toner layer is always fo«ned on the 
surface of the developing roller 31 so that proper image 
formation can be performed using the non-magnetic, single- 
component toner developing method. 

When the photosensitive drum 27 rotates against the 
stopped developing roller 31, the photosensitive drum 2V 
scrapes the toner from the surface of the developing rollear 
31 that is in confrontation with the photosensitive drum 27 
when the submotor 54 is stopped. As a result, the surface of 
t;he photosensitive drum 27 and the developing roller 31 are 
brought into direct contact with each other, with no 
W intervening layer of toner. Because no separating solenoid 

56 is provided, the developing roller 31 and the 
photosensitive drum 27 are in contact with each other after 
their rotation is stopped. If left in this condition, the 
surface of the photosensitive drum 27 could be stained or 
indentations could be formed in the surface of the 
developingr roller 31. 

However, in the modification shown in Fig. 7, after 
the submotor 54 is temporarily stopped so that the contact 
between the developing roller 31 and the photosensitive drum 
27 polishes filming from the photosensitive drum 27, the 
submotor 54 is again driven for a short time and then 
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stopped simultaneously with the main motor 52. With this 
configuration, the portion where the toner was scraped from 
tlxe developing roller 31 by the photosensitive drum will be 
shifted away from the photosensitive drum 27 when the 
de^^^loping roller 31 and the photosensitive drum 27 are both 
stopped. AS a result, the surface of the developing roller 
31 will contact the photosensitive drum 27 through a layer 
of toner borne on the surface of the developing roller 31, 
so that the developing roller 31 and the photosensitive drum 
27 can be left in contact with each other without the 
photosensitive drum 27 becoming stained or the developing 
roller 31 developing any indentations on its surface. 
Accordingly, filming can be properly removed without 
providing the separating solenoid 56. 

It should be noted that although the control 
represented by the timing chart in Fig. 7 rotates the 
developing roller 31 by 2,5 turns to shift the abrasion 
portion of the developing roller 31 from the photosensitive 
drrwi 27, then developing roller 31 need only be rotated 
slightly to achieve this objective. 

In the control methods represented in Figs. 5 to 7, 
when the surface of the rotating photosensitive drum 27 i» 
abraded against the stopped developing roller 31, the 
photosensitive drum 27 scrapes the toner off from the 
developing roller 31. The scraped off toner can cling to and 
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stain other components. Also, when all toner is scraped from 
t:he developing roller 31 where the photosensitive drum 27 
r^Jl>s against the developing roller 31, the direct contact 
between the developing roller 31 and the photosensitive drum 
27 can stain the photosensitive drum 27. However, becauea 
the laser printer 1 uses polymerized toner, which has 
excellent fluidity, the amount of friction between the 
developing roller 31 and the photosensitive drum 27 is 
reduced. The toner is not easily scraped off the developing 
roller 31 by the photosensitive drum 27. Toner can be 
prevented from clinging to other co=«>onents. The 
photosensitive drupi 27 can be prevented from becoming 
stained as a result of direct contact between the developing 
roller 31 and the photosensitive drum 27 causes by absence 
of toner at the position where the photosensitive drum 27 
rubs against the developing roller 31. 

Moreover, because the toner is adjusted to have a. 
charge-to-mass ratio Q/M with an absolute value of 10 micro 
coulombs /gram or greater, imaging forces are increased so 
the toner clings to the developing roller 31 with greatear 
force. For this reason, toner is even more difficult for the 
photosensitive drum 27 to scrape up even though the 
photosensitive drum 27 rubs against the developing roller 31. 
problems such as scraped off toner clinging to and staining 
other components and the photosensitive drum 27 being 
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attained by direct contact between the developing roller 31 
and the photosensitive drum 27 when no toner is present at 
the abrading position of the developing roller 31 can be 
p:cevent€td. 

The developing roller 31 of the laser printer 1 is 
formed from a two-layer configuration that includes a 
resilient roller portion and a surface coat layer. The 
surface coat layer covers the surface of the roller portion 
and has a hardness greater than the hardness of the roller 
portion. With this configuration, the life of both the 
photosensitive drum 27 and the developing roller 31 can be 
increased because neither will be greatly damaged by 
abrasion when the developing roller 31 stops rotating. 

That is, if the developing roller 31 where formed from 
only a single layer of a resilient material with higb 
Hardness, then the developing roller 31 would need to be 
pressed against the photosensitive drum 27 with a high 
pressing force in order to assure that contact between the 
developing roller 31 and the photosensitive drvim 27 is 
uniform across the entire width of the photosensitive drum 
27. If the developing roller 31 is pressed with great force 
against the photosensitive drvim 27, then the photosensitive 
drum 27 will be greatly damaged by abrasion when the 
developing roller 31 stops rotating. This would reduce the 
life of the photosensitive drum 27. On the other hand, if 
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the developing roller 31 where formed from only a single 
layer of a resilient material with low hardness, then the 
developing roller 31 would be greatly damaged by abrasion 
when the developing roller 31 stops, so that the life of the 
developing roller 31 would be greatly reduced- 

However, with the two-layer configuration of the 
ernbodiment and its modifications, the develop±ng roller 31 
and the photosensitive drum 27 contact each other uniformly 
across their entire width even if the developing roller 31 
is pressed against the photosensitive drum 27 with a weak 
force. For this reason, the photosensitive drum 27 receives 
only slight damage by abrasion when the developing roller 31 
stops. Life of the photosensitive drum 27 can be increased- 
Also, the surface coat layer of the developing roller 31 is 
very hard, so that the developing roller 31 is only slightly 
damaged by abrasion when the developing roller 31 stops. 
Life of the developing roller 31 can be increase also. 

The photosensitive layer of the photosensitive drum 27 
is made from a dispersion-type. single layer, organic 
photosensitive body. Because the photosensitive layer 
includes only a single layer, the photosensitive drum 27 is 
easier to produce than a two- layer photosensitive drum that 
has a charge-transfer layer formed on a char^re-generatina 
layer. However, because the charge-generating material Is 
near the surface in the single-layer photosensitive layer of 
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the photosensitive drum 27, the photosensitive drum 27 
degrades more easily that the two-lay r photosensitive drum- 
However, because the surface of the photosensitive drum 27 
is polished by the developing roller 31 as a resr^lt of the 
control methods of the embodiment and its modifications, 
stable images can always be formed over long periods of time - 

According to the control methods represented in Pigs. 
5 to 7, when the drive of the submotor 54 is stopped, the 
surface of the photosensitive drum 27 that presses against 
the developing roller 31 includes a uniform charge from the 
scorotron charge unit 29, because it was not exposed by the 
scanner unit 16. Also, the developing roller 31 is applied, 
with the developing bias in the same way as during image 
formation. In other words, the surface of the photosensitive 
drum 27 has an unexposed portion in the same manner as 
during normal image formation. Therefore, the toner will be 
held on the developing roller 31 by the electric field 
generated between the electric potential at the surface of 
the photosensitive drum 27 and the developing bias of the 
developing roller 31. For this reason, the toner is 
difficult to scrape off from the developing roller 31 by the 
photosensitive drum 27 even if the photosensitive drum 27 
rubs against the developing roller 31. Problems such a.s 
scraped off toner clinging to and staining other components 
and the photosensitive drum 27 being stained by direct 



50 



contaci: betw en the developing roller 31 and the 
photosensitive drum 27 wh n no toner is present at the 
abrading position of the developing roller 31 can be 
prevented. 

Next, a color laser printer 71 according to a second 
embodiment of the present invention will be described while 
referring to Fig. 8. The color laser printer 71 includes the 
same drive control system shown in Fig- 4 and can be driven 
according to any of the controls represented in Figs. 5 to 7 , 

The color laser printer 71 includes a casing 72, a 
feeder portion 74, an image forming portion 75, and en 
inverse transport portion 76. The feeder portion 74, the 
ijnage forming portion 75, and the inverse transport portion 
7 6 are provided in the casing 72. The feeder portion 74 is 
for feeding sheets 73. The image forming portion 75 is for- 
forming images on the fed out sheets 73. The inverse 
transport portion 76 is for forming images on both sides o£ 

t,he sheets 73, 

The feeder portion 74 includes a sheet-supply tray 77 , 
a sheet-pressing plate 81, a sheet-feed roller 78, transport 
rollers 79, and registration rollers 80. The sheet-supply 
tray 77 is detachably mounted in the lower portion in the 
casing 72. The sheet- feed roller 78 is disposed above one 
end of the sheet-supply tray 77. The transport rollers 7 d 
are disposed downstream from the sheet-feed roller 78. The 
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registration rollers 80 ar provided downatream from the 
transport rollers 79. The sheet-pressing plate 81 is 
provided in the sheet-supply tray 77 and is disposed so that 
tne end portion in confrontation with the sheet-feed roller 
78 can move up and down. Sheets 73 are stacked in a pile on 
the sheet-pressing plate 81. A spring {not shown) urges the 
sheet-pressing plate 81 from the under surface of the sheet- 
pressing plate 81 so that the uppermost sheet 73 of the pile 
is pressed toward the sheet-feed roller 78. Rotation of the 
sheet- feed roller 78 feeds out one sheet at a tljne from the 
pile. Each sheet 73 that is fed out by the sheet- feed roller 
78 is transported by the transport rollers 79 to the 
registration rollers 80. After the registration rollers SO 
perform a registration operation on the sheet 73, the sheet 
is transported to the image forming portion 75 . 

The image forming portion 75 includes process portion* 
82, an intermediate transfer mechanism 83, a secondary- 
transfer roller 84, and a fixing unit 85. 

A process portion 82 is provided for each of four 
printing colors . The process portions 82 are provided in 
vertical alignment separated from each other by a 
predetermined spacing. Each process portion 82 includes e 
developing cartridge 86, a photosensitive drum 87, a. 
scorotron charge unit 88, an LED array 89, which serves a.s 
an exposure unit, a primary transfer roller 90, and a drum 
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cleaner 91. 

Bach developing cartridge 86 is detachably tnounted to 
other components of the corresponding process portion 82 and 
includes a toner holding portion 92. a supply roller 93. a 
developing roller 94. and a layer-thickness regulating blade 
95. m the present einbodUnent . four developing cartridges 86 
are provided, that is, a yellow developing cartridge 86iC. a 
magenta developing cartridge 86M. a cyan developinsj 
cartridge 86C, and a black developing cartridge 86K. Also, 
the separating solenoid 56 described in the previous 
embodiment is provided for each developing cartridge 86 so 
that each developing cartridge 86 can be slid forward and 
backward in order to separate the developing cartridge 86 
from, and move the developing cartridge 86 toward. tb« 
corresponding process portion 82. 

The toner holding portion 92 of each developin^r 
cartridge 86 is filled with a non-magnetic, single-con?}onent 
toner with positively charging properties. Each toner- 
holding portion 92 holds a different colored toner, that is, 
the toner holding portion 92 of the yellow developing 
cartridge 8 6y holds yellow toner, the toner holding portion 
92 of the magenta developing cartridge 86M holds magenta 
toner, the toner holding portion 92 of the cyan developing 
cartridge 86C holds cyan toner, and the toner holding 
portion 92 of the black developing cartridge 86K holds black: 
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1:on^r. Each different-color ton r is a polycaerized toner 
wttn a charg«-to-n.a3» ratio Q/M having an absolute value of 
10 micro coulonibs/flram or greater. 

Each toner holding portion 92 includes an agitator 96 
and is formed with a toner-supply opening in its side. The 
agitator 96 agitates the toner in the toner holding portion 
92 and discharges the toner from a toner-supply opening to 
the corresponding supply roller 93. 

Each supply roller 93 is rotatably disposed to the 
sidfe of the corresponding toner supply opening in the 
corresponding toner holding portion 92. Each developing 
roller 94 is rotatably disposed in confrontation with the 
corresponding supply roller 93 so that the supply roller 93 
and the developing roller 94 are In abutment with each other, 
with the supply roller 93 compressed by a certain amount. 

Each supply roller 93 is formed from a metal roller 
shaft covered by a conductive sponge matiber. 

Bach developing roller 94 is made from a metal rolleir 
shaft covered by a resilient meinber, which is made from 
conductive rubber. Moria specifically, the roller p£ each 
developing roller 94 has a two-layer configuration including 
a roller portion and a surface coat layer. The rollet 
portion is formed from a conductive resilient material sucti 
as EPDM rubber, silicon rubber, urethane rubber incorporated 
with, for example, carbon particles . The surface coat layer 
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co^^ers tAe surface of th roller portion. The surface coat 
Layer has a greater hardness than the roller portion. 
Examples of the main component of the surface coat layer 
include urethane rubber, urethane resin, and polyimide resin - 
The subrootor shown in Fig. 4 is provided for driving 
the developing rollers 94. The developing bias application 
circuit 58 shovm in Fig. 4 applies a predetermined 
developing bias to the developing rollers 94- 

Bach layer-thickness regulating blade 95 is dispose<i 
near the corresponding developing roller 94. Each layer- 
thickness regulating blade 94 includes a metal plate spring 
and a pressing portion attached to the free end of the plate 
spring. The pressing portion is formed from silicon rubber, 
which has electrical insulation properties. The pressing 
portion has a half circle shape in cross section. Bach 
layer-thickness regulating blade 94 is supported on the 
corresponding developing cartridge 86 at a position near the 
corresponding developing roller 95 so that the pressing 
portion is pressed against the developing roller 95 by 
resiliency of the plate spring. 

Rotation of each supply roller 93 supplies the toner 
from the toner supply opening to the corresponding 
developing roller 94, where friction between the supply 
roller 93 and developing roller 94 charges the toner to a 
25 positive charge. The toner borne on each developing roller 
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9 4 enters between th developing roller 94 and the pressing 
portion of the corresponding layer-thickness regulating 
blade 95 in association with rotation of the developing 
roller 94, where the toner is sufficiently charged by 
friction between the pressing portion and the developing 
roller 94 and regulated to a thiii layer with a wiiform 
thiclcness on the developing roller 94. 

Each photosensitive drum 87 is disposed to the side of 
the corresponding developing roller 94 and is rotatably in 
contact with the developing roller 94. The drum body of eacli 
photosensitive drum 87 is grounded. The surface of eactx 
photosensitive drum 87 is formed from a photosensitive layer- 
of a dispersion-type, single layer, organic photosensitive 
body. A charge generating material is dispersed in the 
charge transporting layer . Also, the main motor 52 shown iti; 
Fig. 4 drives rotation of the photosensitive drToraa 87. 

Each scorotron charge unit 88 is disposed to the side 
of the corresponding photosensitive drum 87, separated by a 
predetermined distance from the photosensitive drum 87 so asi 
not to contact the photosensitive drum 87. The scorotron 
charge units 88 are scorotron charge units that, in order to 
positively charge the surface of the photosensitive drums 87, 
generate a corona discharge from a charge wire made from 
tungsten, for exan^le. Each scorotron charge unit 88 charges 
the surface of the corresponding photosensitive drum 87 to a 
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utiLform poainive charge- The scorotron charge units 88 are 
controlled to charge by the charge control circuit 60 shown 

in Fig. ^• 

Each LED 89 is disposed to the side of the 
corresponding photosensitive drum 87 and is disposed in 
between the scorotron charge unit 88 and the developer 
roller 94 with respect to the rotational direction of the 
photosensitive drum 87 . Each LED array 89 is configured from 
a plurality of LEDs aligned in a row. The LEDs emit light 
based on image data and irradiate and expose the surface of 
the corresponding photosensitive drum 87. 

The process portions 82 perform exposure and 
development processes in substantially the same manner, but 
for the different toner colors. Here, exposure and 
development processes will be described for a representative 
process portion 82. As the photosensitive drum 87 rotates, 
the scorotron charge unit 88 charges the surface of tHe 
photosensitive drum 87 uniformly to a positive charge, and 
the LED array 89 emits light to expose the surface of tt>« 
photosensitive drum 87, thereby forming a static-electric 
latent image based on image data on the . surf ace of tlie 
photosensitive drum 87. Next, as the developing roller &4 
confronts and contacts the photosensitive drum 87, rotation 
of the developing roller 94 supplies positively-charged 
toner that is borne on the developing roller 94 to tJxe 
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stanic-electric latent imag formed on the surface of the 
photosensitive drum 87. At this tione. the toner is 
selectively borne on only portions of the photosensitive 
drum 87 that were exposed by the l^D array 89. That is, when 
the LED array 89 exposes portions of the uniformly 
positively Charged surface of the photosensitive drum 87, 
the electric potential drops at the exposed portion. The 
supplied toner is selectively transferred to only the 
exposed portions, thereby developing the static-electric 
latent image into a visible toner image. Thus, an inverse 
development operation is performed. 

Each primary transfer roller 90 is disposed at a 
position downstream from the corresponding developing roller 
94 with respect to the rotational direction of the 
photosensitive drum 87. Each primary transfer roller 90 ie 
disposed in confrontation with the corresponding 
photosensitive drum 87. with an endless belt 100 to be 
described later sandwiched between the photosensitive drum 
87 and the developing roller 94. Each primary transfer 
roller 90 is made from a metal roller shaft covered with a 
conductive rubber material. Each primary transfer roller 90 
is rotated by drive from the corresponding photosensitive 
drum 87. The transfer bias application circuit 59 shown in 
Fig- 4 applies a predetermined transfer bias to the transfer 
rollers 90 with respect to the corresponding photosensitive 
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drum 87, so that the visible toner unage borne on the 
photosensitive drums 87 is transferred to the eadlesa belt 
100 that passes between the photosensitive drums 87 and the 
primary transfer rollers 90. 

The drum cleaners 91 are for collecting residual toner 
from the photosensitive drums 87. Each drum cleaner 91 is 
disposed between the corresponding primary transfer roller 
90 and the corresponding scorotron charge unit 88 with 
respect to the rotational direction of the photosensitive 
drum 87. Each drum cleaner 91 has a box shape formed with an 
opening where it confronts the photosensitive drum 87. A 
scraping blade 97 is provided in the opening. The free end 
of the scraping blade 97 contacts the surface of the 
photosensitive drum 87. Residual toner that remains on the 
surface of the photosensitive drum 87 after the visible 
toner image is transferred is scraped off from the 
photosensitive drum 87 toy the scraping blade 97 and 
collected inside the drum cleaner 91. 

The intermediate transfer mechanism 83 is disposed ±xx 
the casing 72 so as to extend vertically in confrontation 
with the photosensitive drums 87 . The intermediate transfer 
mechanism 83 includes first and second rollers 98, 99, and 
the endless belt 100- The first roller 98 is provided at tKe 
bottom side of the intermediate transfer mechanism 83 and 
the second roller 99 is provided at the upper side of the 
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m-termediat transfer mechanism 83. The endl ss belt 100 is 
wound around the outer periphery of the first and second 
rollers 98, 99. The surface of the endless belt 100 that 
receives transfer of the visible toner image moves downward 
as indicated by the arrow in Fig. 8 by rotation of the first 
and second rollers 98, 99. 

Rotation of the first and second rollers 98, 99 moves 
any particular portion of the endless belt 100 serially into 
an out Of confrontation with the different photosensitive 
drums 87. The visible toner images formed on the different 
pnotosensitive drums 87 are transferred one at a time in 
order onto the endless belt 100. When the different visible 
toner images become superimposed on each other In this way, 
a color image results. Described in more detail, after the 
yellow visible toner image formed on the photosensitive drum 
87 by the yellow toner that fills the yellow developing 
cartridge 86Y is transferred onto the endless belt 100, then 
the magenta visible toner image formed on the photosensitive 
drum 87 by the magenta toner that fills the magenta 
developing cartridge 86Y is transferred onto the endless 
belt 100 so as to overlap the yellow toner image. In a 
similar manner, the cyan visible toner image formed by toner 
from the cyan developing cartridge 86K and the blacX visible 
toner image formed by toner from the black developing 
cartridge 86K are transferred in this order onto the endless 
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belt 100 to form a color imag on the endless belt 100. 

The secondary transfer roller 84 is rotatably provided 
at a position in confrontation with the first roller 98 of 
the intermediate transfer mechanism 83, with sheets 73 
sandwiched therebetween. The secondary transfer roller 84 is 
foriaed from a metal roller shaft covered by a conductive 
rubber material. The secondary transfer roller 84 is applied 
with a predetermined transfer bias. The color image formed 
on the endless belt 100 is transferred all at once onto a 
sheet 73 that passes between the endless belt 100 and the 
secondary transfer roller 99. 

The fixing portion 85 is disposed downstream from the 
secondary transfer roller 84 with respect to the transport 
direction of the sheet 73. The fixing portion 85 includes a 
pair of thermal rollers lOl, 102 and a pair of transport 
rollers 103. The thermal rollers 101, 102 are disposed so as 
to press against each other. The pair of transport rollers 
103 are provided downstream from the thermal rollers 101 , 
102 in the direction of sheet transport. The thermal rollers 
101, 102 are each made from metal and include a halogen lamp 
for generating heat. The color image transferred onto a 
sheet 73 by the secondary transfer roller 84 is heatediy 
fixed onto the sheet 73 as the sheet 73 passes between pa±r 
of thermal rollers 101. 102. Afterward, the transport 
rollers 103 transport the sheet 73 to a discharge path 104. 
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The discharge path 104 is provided following th 
vertical direction of the casing 72 . Two pairs of transport 
rollers 105 and 106 are provided exposed into the discharge 
path 104. A pair of sheet-discharge rollers 107 a« provided 
at the discharge port of the discharge path 104. 

A sheet 73 that has been transported to the discharge 
path 104 by the transport rollers 103 of the fixing portion 
85 is transported by the transport rollers 105 and 106 and 
discharged onto the discharge tray 108 by the sheet- 
discharge rollers 107- 

The inverted transport portion 76 includes an inverted 
transport path 108 and a flapper 110. The flapper HO 
switches direction in which sheets 73 ere transported. The 
inverted transport path 109 is connected at one end to the 
discharge path 104 at a position near the transport rollers 
105 and at the other end to the sheet transport path that 
extends between the transport rollers 79 and the 
registration rollers 80 . Also two pairs of inverted 
transport rollers 111, 112 are disposed so as to be exposed 
in the inverted transport path 109. 

The flapper 110 is swingably provided at the junction 
of the discharge path 104 and the inverted transport path 
109. Although not shown in the drawings, a path switching 
solenoid is provided for switching the flapper 110 back and 
forth. That is, by selectively energizing and not energizing 
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tn path switching solenoid, the transport direction of a 
sheet 73 that has a color image formed on one side can be 
switched to the discharge path 104 or from the discharge 
path 104 to the inverted transport path 109. 

Next, operations for fomiing images on both sides of a 
sheet 73 will be described. Once a sheet 73 formed with an. 
image on one side is transported from the discharge path 104 
to the sheet-discharge rollers 107. then the sheet-discharge 
rollers 107 rotate forward with the sheet 73 sandwiched 
therebetween, so that the sheet 73 is transported out from 
the printer 71 toward the discharge tray 108. The sheet 73 
is transported most of the way out from the printer 71 until 
the end edge of the sheet 73 is sandwiched between the 
sheet-discharge rollers 107. Then, the positive rotation of 
the sheet-discharge rollers 107 is stopped and the sheet- 
discharge rollers 107 are driven to rotate in the opposite 
direction. At this time, the solenoid is energized to switch 
the flapper 110 to guide the sheet 73 to the inverted 
transport path 109. The transport rollers 104, 105 are also 
driven to rotate in the opposite direction to transport the 
sheet 73 backwards, with front and rear edges reversed, 
downward toward the inverted transport path 109. It should 
be noted that once transport of the sheet 73 into the 
inverted transport path 109 is coinpleted, the flapper 110 is 
switched back into its initial position for guiding sheets 
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73 from the transport rollers 103 toward the sheet-discharge 
path 104. The inverted transport rollers 111. 112 transport 
the sheet 73 that was transported backwards into the 

inverted transport path 109 to the registration arollers 80, 
5 which subject the sheet 73 to a registration operation. Then 

the sheet is again formed with an Image while in an upside 

down condition, so that an image is formed on both sides of 

the sheet 73 . 

A belt cleaner 113 is provided for collecting toner 
1^ 10 that remains on the endless belt 100 after the entire color 
g image is transferred onto the sheet 73 at the same time. The 

S belt cleaner 113 is disposed to the side of the intermediate 

transfer mechanism 83 and includes a cleaner casing 114, a 
cleaner brush 115. a collection roller 116, a collection box 
117, and a scraping blade 118- The cleaner casing 114 is 
disposed between the first roller 98 and the second roller 
99 and houses the other components of the belt cleaner 113 . 
O The cleaner brush 115 is made from a cylindrical body 

formed with radially extending filaments. The cleaner brusH 
115 is rotatably disposed in confrontation with and in 
contact with the endless belt 100. A bias is applied to the 
cylindrical body so as to develop a predetermined potential 
difference between the cleaner brush 115 and the endless 
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belt 100. 

The collection roller 116 is formed from a metal 
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roller and is rotatably disposed b low the cleaner brush 115 
so as to be in confrontation with and in contact with the 
filaments of the cleaner brush 115. The collection roller 
1X6 is applied with a bias so as to develop a predetermined 
bias between the collection roller 116 and the cleaner brush 
lis. 

The collection box 117 is provided below tne 
collection roller 116 and has an opening that faces the 
collection roller X16. The scraping blade 118 is provide<a 
near the opening in pressing contact with the collection 
roller 116. 

When the endless belt 100 is transported into 
confrontation with tbe cleaner brush 115, the cleaner brush 
115 scrapes toner that remains on the endless belt 100 after: 
the color image is transferred onto the sheet 73- Also the 
toner clings to the cleaner brush 115 because of the bias 
applied to the cleaner brush 115. Afterward, because of the 
bias applied to the collection roller 116 , the toner that 
clings to the cleaner brush 115 clings to the collection 
roller 116 when it is brought into confrontation with the 
collection roller 116. Wext, the scraping blade 118 scrapes 
the toner off from the collection roller 116 into the 
collection box 117. 

The color laser printer 71 also uses the control 
system shown in Fig. 4 and a control program for executed 
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any of the control methods represented by Figs. 5 to 7 to 
operate all of the components at appropriate timings to 
remove filming from the photosensitive dnams 87. 

The color laser printer 71 includes a photosensitive 
drian 87 and a developing roller 94 for each color. The 
visible toner images formed for different colors are 
transferred in order. This is referred to as a tandem type 
color laser printer, which can form a color image at: 
sijbstantially the same speed as a monochrome image. Further, 
because the tandem-type color laser printer 71 uses 
polymerized toner, color Images with; extremely high quality 
can be formed. 

On the other hand, because the tandem-type color laser 
printer 71 has a photosensitive drum 87 and developing^ 
roller 94 for each color, there is a potential problem that 
toner that was transferred from a photosensitive drum 87 to 
the endless belt 100 can cling to a succeeding 
photosensitive drum 87, For example, the yellow toner of the 
yellow color image on the endless belt 100 can cling to tlie 
photosensitive drum 87 that is for producing the magenta 

color image. As a result, different color toners can be 
mixed together. To avoid this potential problem, it ±s 

essential that the scraping blade 97 of each drum cleaner 91 

scrape off toner completely. 

However, because of polymerized toner's high fluidity^ 
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scraping blad« 97 cannot easily scrape the residual 
toner off from the photosensitive drum 87. Although filming 
is more lilcely to occur on the surface of the pho-toaensitive 
druma 87 as a result, using the drive control methods 
described in the first embodiment and its modifications 
enables the filming to be properly removed from the surface 
of the photosensitive drum 87. 

Because the tandem-type color laser printer 71 
includes a separate photosensitive drum 87 and a developing 
roller 94 for each color, if a separate member was provided 
for removing filming from the photosensitive drums, a 
separate meirtber would need to be provided for eacH 
photosensitive drum, which would be extremely difficult. 
However, the control methods described in the first 
embodiment and its modifications enable proper removal of 
filming without providing a separate filming-removal menber 
for each photosensitive drvmi. 

It should be noted that the intermediate transfer 
mechanism 83 need not be provided. That Is, in the 
embodiment of Fig. 8, the different-color visible toner 
images borne on the different photosensitive drxxms are first 
transferred onto the endless belt 100 to form a full color 
image on the endless belt 100. Then, using the secondary 
transfer roller 84,. the full color image is transferred from 
the endless belt lOO onto a sheet 73. However, depending on 
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tixe objectives and applications of the laser printer 83, the 
full visible toner images could b transf rred directly from 
tne different-color photosensitive drums 87 to a sheet 73 
tiist passes between the primary transfer rollers 90 and the 
photosensitive drums 87, so that tbe full color image is 
formed directly on the sheet 73. 
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